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Abstract

Objective To compare cognitive function in adolescents with chronic fatigue with cognitive function in healthy controls (HC).

Study design Cross-sectional study.

Setting Paediatric department at Oslo University Hospital, Norway.

Participants 120 adolescents with chronic fatigue (average age 15.4 years; range 12—18) and 39 HC (average age 15.2 years; range 12-18).

Methods The adolescents completed a neurocognitive test battery measuring processing speed, working memory, cognitive inhibition, cognitive flexibility,
verbal learning and verbal memory, and questionnaires addressing demographic data, depression symptoms, anxiety traits, fatigue and sleep problems.
Parents completed the Behaviour Rating Inventory of Executive Function (BRIEF), which measures the everyday executive functions of children.

Results Adolescents with chronic fatigue had impaired cognitive function compared to HC regarding processing speed (mean difference 3.3, 95% Cl 1.1 to
5.5, p=0.003), working memory (-2.4, -3.7 to —=1.1, p<0.001), cognitive inhibition response time (6.2, 0.8 to 11.7, p=0.025) and verbal learning (-1.7, -3.2

to 0.3, p=0.022). The BRIEF results indicated that everyday executive functions were significantly worse in the chronic fatigue group compared to the HC
(11.2, 8.2 to 14.3, p<0.001). Group differences remained largely unaffected when adjusted for symptoms of depression, anxiety traits and sleep problems.

Conclusions Adolescents with chronic fatigue had impaired cognitive function of clinical relevance, measured by objective cognitive tests, in comparison to
HC. Working memory and processing speed may represent core difficulties.

What is already known on this topic?
» Adolescents with chronic fatigue syndrome (CFS) have extensive school absence.
» Depression symptoms, anxiety and sleep problems are frequent in adolescents with CFS.

« Adolescents with CFS frequently report cognitive problems.
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What this study adds?

« Adolescents with chronic fatigue perform worse than healthy peers in several cognitive functions.
« The cognitive impairments are of clinical importance.

» Anxiety traits and depression symptoms do not explain the cognitive impairments in adolescent chronic fatigue.

Introduction

Fatigue among adolescents is common, ! and disabling fatigue at age 13 of more than 3 months’ duration was recently reported with an estimated prevalence
of 2.2%.2 Adolescent chronic fatigue syndrome (CFS), with an estimated prevalence of 0.1-1.0%,3 ,* is an important cause of disability and has a negative
impact on quality of life, school attendance and social and family functioning.® ,% Among the many case definitions of CFS, that proposed by the Centers for
Disease Control and Prevention (CDC) in 19946 is most often used in studies.” More than 80% of individuals with CFS report cognitive problems such as
difficulty thinking, impairment of short-term memory, inability to concentrate, and difficulties with word-finding, information processing and planning/organising
thoughts. & 9

Studies of cognitive dysfunction in CFS-affected children and adolescents report impaired interference control, 10 attention, ! , 12 immediate recall, auditory
learning, "' motor skills and spatial working memory. '2 However, the studies included few patients (n=19-34), and the results should be confirmed by larger
studies.

Executive functions (EF; higher-order cognitive functions, related to the control of thought, action and emotion) are essential to cope with the challenges of
everyday life and school. Inhibition (interference control), working memory and cognitive flexibility (switching attention) have been proposed as essential
subcomponents of EF. '3 The Behaviour Rating Inventory of Executive Function (BRIEF), which was designed to improve the ecological validity of EF
assessment, 14 to our knowledge has not been used in studies of cognition in adolescent chronic fatigue.

Anxiety and depression symptoms are frequent in CFS'® | 16 and may be associated with cognitive impairment. !” | '8 Sleep problems are among the most
prevalent symptoms in adolescent CFS.3 ,9 A possible association between sleep problems and cognitive abilities in young people with CFS remains to be
investigated. As anxiety, depression symptoms and sleep problems are associated with both CFS and cognition, they may be regarded as possible
moderators of cognitive function in CFS.

The primary aim of this study was to characterise cognitive function (using both objective and inventory-based measures) in a large group of adolescents with
chronic fatigue and in healthy controls (HC) and compare the results. The secondary aim was to explore the possible contributing impact of anxiety traits,
depression symptoms and sleep problems on cognitive function.

Methods

Design

This study is part of the NorCAPITAL project (The Norwegian Study of Chronic Fatigue Syndrome in Adolescents: Pathophysiology and Intervention Trial;
ClinicalTrials 1D: NCT01040429), which has a cross-sectional design and is a double-blind, randomised, placebo-controlled study. It was conducted at the
Department of Paediatrics, Oslo University Hospital, Norway, which is a national referral centre for young CFS patients. The current study is based on cross-
sectional data collected from March 2010 to May 2012 during a clinical in-hospital day. The following week, participants completed the questionnaires and
returned them by mail. Parents completed the BRIEF. Cognitive testing was performed by the study physicians (DS and EF) and supervised by an
experienced neuropsychologist (MG@). All participants received a gift-card worth NOK 200. Informed, written consent was obtained from all participants and
from parents/next-of-kin, if required. The study was conducted in accordance with the Helsinki Declaration of the World Medical Assembly and was approved
by the Norwegian National Committee for Ethics in Medical Research.

Participants

All hospital paediatric departments (20), primary care paediatricians and general practitioners in Norway were invited to refer patients aged 12—18 years with
long-lasting fatigue to our department. For inclusion in the present study, we required at least 3 months of unexplained, disabling chronic/relapsing fatigue of
new onset. Eligibility was based upon the referral information, and inclusion was decided after a thorough evaluation by the study physicians (DS or EF). A
group of HC matched by age and gender distribution to the chronic fatigue group was recruited from local schools. Table 1 displays inclusion and exclusion
criteria.

View this table: In this window In a new window

Table 1

Inclusion and exclusion criteria

Cognitive assessment

The cognitive tests and assessments (see table 2 for descriptions of the tests used) were conducted between 10 a.m. and 12 p.m., and lasted for
approximately 40 min.

View this table: In this window In a new window

Table 2
Cognitive tests and assessments

A cognitive inhibition contrast measure was calculated to control for potential difficulties with processing speed. From the time taken to complete Condition 3
(inhibition) of the Color Word Interference Test of the Delis—Kaplan Executive Function System, we subtracted the mean sum score of the preceding tasks of
Condition 1 (colour naming) and Condition 2 (reading): (Condition 3—[Condition 1+Condition 2]/2).
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The Norwegian version of the BRIEF'9 was completed by parents within a week of the adolescent tests. The BRIEF has shown high internal consistency. 20 It
is composed of eight clinical scales, two broad indices and one overall score, the global executive composite (GEC).

Questionnaires
The Karolinska Sleep Questionnaire (KSQ) addresses sleep problems during the preceding month. Scores range from 1 to 6, with a lower score implying
poorer sleep. The KSQ has been used in epidemiological studies of fatigue. 2!

The Mood and Feelings Questionnaire (MFQ) measures self-reported depression.22 The Spielberger State-Trait Inventory (STAI-T) measures self-rated anxiety
traits. 23 Higher scores indicate more problems on both scales.

Statistical analysis

Statistical software (IBM SPSS Statistics V.20; Armonk, New York, USA) was used for data analysis. )(2, Student's t or Mann-\Whitney tests were used to
compare the chronic fatigue and HC groups.

Participants lacking all data in an inventory or a questionnaire component variable were excluded from analysis of that variable. If one or two of several items
in a component variable were missing, this value was imputed, based upon the mean value of all other participants in that group.

Multiple linear regression analyses were applied to identify a possible contribution effect by depression symptoms, anxiety traits or sleep problems on the
group differences in cognitive function. All tests were two-sided, and p<0.05 was considered statistically significant. We applied no correction for multiple
comparisons. Effect size was classified as small (0.2), medium (0.5) or large (0.8), according to Cohen.24

We regarded effect sizes of more than 0.5 to be of clinical interest. With 120 participants in the chronic fatigue group and 39 HC, the power to detect an
effect size of more than 0.5 was about 80%.

Results

A total of 120 adolescents with chronic fatigue (mean age 15.4 years) and 39 HC (mean age 15.2 years) were included. All but five in the chronic fatigue
group were drug naive on inclusion and testing (three used melatonin, one used thyroxine on a regular basis, and one had taken paracetamol the day before
participation). All members of the HC group were drug naive. Background characteristics and results from the questionnaires are given in table 3.

View this table: In this window In a new window

Table 3

Demographic and clinical characteristics of the study participants

The chronic fatigue group performed worse than the HC group for processing speed (p=0.003), working memory (p<0.001), cognitive inhibition response time
(p=0.025) and verbal learning (p=0.022), as well as on the BRIEF GEC score (p<0.001) (table 4). The groups did not differ with regard to errors or the contrast
measure of cognitive inhibition. WWhen adjusted for working memory in the analysis of verbal learning, the group difference disappeared.

View this table: In this window In a new window

Table 4
Results from cognitive tests (raw scores) and the BRIEF (T scores): comparison of chronic fatigue group and CFS (CDC) subgroup versus healthy controls

In the HC group, the mean results of the cognitive tests and the BRIEF were both within 1 SD of standardised norms 25 ,26 and HC results in other studies in
Norway. 27 ,28 |n the chronic fatigue group, 28-65% performed more than 1 SD worse than the norms (see supplementary online eTable 1).

The group differences in processing speed, cognitive inhibition response time, verbal learning, and the BRIEF, remained largely unaffected when adjusted for
symptoms of depression, anxiety traits or sleep problems in the multiple regression models. The group differences in working memory remained statistically
significant when adjusted for depression symptoms or anxiety traits, but lost statistical significance when adjusted for sleep problems (KSQ). The regression
coefficients and R* values are given in table 5.

View this table: In this window In a new window

Table 5

Multivariate analyses of the relationships between cognitive measures as dependent variables and group allocation (chronic fatigue group vs HC),
depression symptoms (MFQ), anxiety traits (STAI-T) and sleep problems (KSQ) as independent variables

The results from the analyses of the subgroup (defined by the CDC criteria) were not significantly different from those for the chronic fatigue group (tables
31 -5 and supplementary online eTables 1 and 2).

Discussion

This study demonstrates that adolescents with chronic fatigue, defined as persisting or relapsing fatigue of more than 3 months’ duration, perform worse than
HC on measures of processing speed, working memory, verbal learning and cognitive inhibition response time, but not on cognitive flexibility or delayed recall.
According to parents’ observations, their children with chronic fatigue have more problems with everyday EF. Adolescents with chronic fatigue also report
more sleep problems, symptoms of depression and anxiety traits, but none of these fully explain the group differences in cognitive measures. An analysis of
a subgroup that met the CDC criteria for CFS, shows results similar to those for the study's main chronic fatigue group.

Comparison with the literature
To our knowledge, our study of cognitive problems in adolescents with chronic fatigue has included more patients than any other study of similar groups.
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Reduced processing speed and reduced working memory showed the most significant group differences. Kawatani et a/'? found reduced working memory and
reduced processing speed in children with CFS. However, they used a spatial working memory task, while we used a verbal working memory task. They also
used a different task for measuring processing speed. A direct comparison between these studies is therefore questionable.

In contrast to our results, Haig-Ferguson et a/" did not demonstrate reduced processing speed or reduced working memory. A possible explanation for the
contrasting results could be insufficient statistical power due to the small number of participants in the previous study. Furthermore, that study did not
include a healthy comparison group and the patients were about 2 years younger than our participants.

Impaired cognitive inhibition has been reported, 10 but unlike that study we found no differences in errors for the cognitive inhibition task. When controlling for
reduced processing speed for the cognitive inhibition task in our study, group differences disappeared, indicating that reduced processing speed may be the
main problem and not cognitive inhibition per se. In line with results by Haig-Ferguson et al, ' we found that the chronic fatigue group had impaired verbal
learning, but there was no between-groups difference on delayed recall. In three Hopkins Verbal Learning Test-Revised learning trials, we observed impaired
learning on the first and third trials, but not on the second trial, possibly demonstrating fluctuation in working memory. The term working memory refers to a
brain system that provides temporary storage and manipulation of the information necessary for more complex cognitive tasks such as learning.2° The group
difference in verbal learning disappeared when we adjusted for working memory, which may indicate that the learning deficit may be explained by the working
memory problems in our patient group.

Patients in the present study scored significantly higher than HC on anxiety traits and depression symptoms. When controlling for these two factors in the
regression analyses, the group differences in all assessed cognitive measures remained unchanged. This is consistent with results from previous studies
showing that impaired cognitive function in adolescents with CFS is not fully explained by depression symptoms or anxiety traits. 19 , 12 A similar result was
reported in adult CFS patients. 30

Participants with chronic fatigue reported significantly more sleep problems than the HC. When sleep problems were controlled for, the significant group
differences for working memory disappeared, indicating that impaired sleep could contribute to reduced working memory. We did not observe the same effect
when controlling for sleep problems in the analysis of processing speed, and this is in line with results from a study on adults with CFS. 3"

Strengths and limitations
The relatively high number of participants is a strength of the study. There were no missing data on the cognitive tests and few data missing in the
questionnaire responses.

Test administrators were not blinded to the participant's chronic fatigue or HC status, and this could have introduced bias. Also, we did not assess the 1Q of
the participants; group differences in intelligence could have confounded the group differences in cognitive measures. On the other hand, there was no
difference between the groups regarding the parents’ highest educational level. 32 According to Lemos et al, 33 parents’ education predicts adolescents’
intelligence, so we assume that IQ is less likely to be a confounder.

Our test protocol and testing procedure may have underestimated the group differences. The quiet and structured test environment may have caused
participants to perform above their normal capacity for everyday cognitive challenges. Use of repeated tests or testing sessions of longer duration could
perhaps have detected effects of increasing fatigue or post-exertional malaise, as is frequently reported by patients with chronic fatigue.

Lastly, as our inclusion criteria were too wide to meet published case criteria for CFS, we advise caution in extrapolating our findings to adolescents with
CFS.

Clinical implications
We have shown group differences in processing speed, working memory and in everyday EF in line with results from a meta-analysis of adult CFS which
concluded that performance around 0.5-1.0 SD below HC levels is likely to impact on day-to-day activities. 34

Two thirds of the chronic fatigue group scored more than 1 SD worse than the HC or Norwegian normative data?® on the BRIEF (see eTable 1), indicating that
adolescents with chronic fatigue demonstrate clinically significant problems with everyday EF.

Further, these cognitive difficulties may negatively affect other cognitive functions such as verbal learning. Working memory is often the target of cognitive
training programmes because of its assumed ability to influence a range of other cognitive processes. 3% These observations, together with impaired general
EF in everyday life, demonstrate that the problems may be clinically relevant.

Caretakers, the health service and schools should recognise these problems and provide neuropsychological guidance. Such advice could include reducing
the pace of teaching or work presentation and reducing the level of distraction in the learning environment, as suggested by Tucker et al.3¢ In addition,
repeated learning of new information and help structuring new information may be useful.

Future research

Neither our study nor studies on adolescents with CFS that have assessed cognitive function have employed repeated testing or cognitive effort (which could
resemble a classroom setting). By using such an approach, future research could explore potential associations between cognitive impairment and post-
exertional fatigue.

Sleep problems are frequently reported concurrently with chronic fatigue in adolescents, and the association between sleep and cognitive problems in chronic
fatigue is still unclear. Further studies addressing cognitive problems and sleep in chronic fatigue, possibly applying a more objective assessment of sleep,
could clarify the effect of therapeutic interventions to improve sleep.

To our knowledge, only one study with few participants 12 has evaluated how established treatment and healthcare advice affects cognitive performance in
young people with chronic fatigue. Further studies are needed to improve support for these patients.

Conclusions

Adolescents aged 12-18 years with medically unexplained chronic fatigue have impaired cognitive function on objective cognitive tests and on measures of
everyday EF compared to HC. It is important that the health service and school teachers address cognitive function when providing support to these
patients. Future research should evaluate treatment interventions that can improve cognitive functioning in this patient group.

Footnotes
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